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PROCESSES AND APPARATUS FOR 
MAKING DISPOSABLE ABSORBENT 

ARTICLES 

This application claims the bene?t of Provisional Appli 
cation No. 60/118,988, ?led Feb. 8, 1999. 

The present invention relates to processes and apparatus 
for making articles, and particularly to processes and appa 
ratus for making disposable absorbent articles. 

BACKGROUND OF THE INVENTION 

Disposable absorbent products can be fabricated in a 
continuous production line by the sequential addition of 
components to previously supplied components. This is 
particularly advantageous When one or more of the compo 
nents can be supplied in the form of a single continuous 
layer. For example, in the formation of disposable absorbent 
articles, such as training pants, absorbent pants, diapers, 
incontinence articles, feminine care products, or the like, a 
layer is normally supplied at a point in the fabrication line 
in the form of a continuous roll, and absorbent pads, Waist 
elastic bands, leg elastic bands, stretchable side panels, 
and/or other components can be supplied at different points 
in the fabrication line as discrete elements. 

Various processes and apparatus are available for bringing 
the components of a single product together so that the 
components in the composite product are in a desired 
relation With respect to each other. In bringing these com 
ponents properly together, various knoWn processes and 
apparatus are used to note the position of a particular 
component, and then to adjust the position of subsequent 
components in order to properly position them. 
Aproblem encountered With these types of processes and 

apparatus is that they do not adequately compensate for the 
stretching, or other possibly occurring defects, of a continu 
ously moving layer. During manufacturing processes of this 
type, a continuously moving layer is subjected to various 
tensions caused by it being driven or pulled through the 
process for handling. This tension causes the continuously 
moving layer to stretch, or to relaX, thereby resulting in some 
components being undesirably positioned or, once 
positioned, shifted out of position. Since it is virtually 
impossible to maintain a constant tension on the continu 
ously moving layer, the degree of stretching varies through 
out the process. Consequently, even though an earlier posi 
tioned component may initially be Within an acceptable 
position range, the stretching, by Way of eXample, of the 
continuously moving layer may result in the component 
being outside of the acceptable position range in the ?nal 
composite product. Other undesirable occurrences may also 
result in mis-registration of a component or components. 

SUMMARY OF THE INVENTION 

In response to the discussed dif?culties and problems 
encountered in the prior art, a neW process and apparatus for 
making a disposable absorbent article, and in particular one 
having a registered graphic, has been discovered. 

The present invention Will be described herein in the 
conteXt of registering and controlling the registration of a 
continuously moving layer and discrete components With 
respect to that continuously moving layer in the manufacture 
of disposable absorbent articles or products, such as, by Way 
of eXample, a child’s training pant. EXamples of other 
disposable absorbent articles include, but are not limited to, 
diapers, feminine care products, incontinence products, or 
the like. The terms “registered,” “registering” and “registra 
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2 
tion” refer to aligning objects With respect to one another, or 
adjusting the alignment of objects With respect to one 
another to achieve proper alignment. The term “component” 
can refer, but is not limited, to elastic ribbons or strips, 
absorbent pads, containment ?aps, stretchable or non 
stretchable layers, adhesive patterns, portions thereof, or the 
like; or a graphic. The term “graphic” can refer, but is not 
limited, to any design, pattern, or the like. 
A child’s disposable training pant can have multiple 

appearance-related and/or functional components registered 
Within selected machine direction (MD) and/or cross 
machine direction (CD) ranges. The term “machine direc 
tion” refers to the primary direction of movement of con 
tinuously moving layers in the manufacturing process, and 
the term “cross-machine direction” refers to the direction 
substantially normal to the machine direction. 

The present invention can provide, by Way of eXample, a 
child’s disposable training pant having one or more 
appearance-related and/or functional components registered 
With other components. EXamples of components that are 
appearance-related include, but are not limited to, the reg 
istration of graphics; highlighting or emphasiZing leg and 
Waist openings in order to make product shaping more 
evident or visible to the user; highlighting or emphasiZing 
areas of the product to simulate functional components such 
as elastic leg bands, elastic Waistbands, simulated “?y 
openings” for boys, ruf?es for girls; highlighting areas of the 
product to change the appearance of the siZe of the product; 
registering Wetness indicators, temperature indicators, and 
the like in the product; registering a back label, or a front 
label, in the product; and registering Written instructions at 
a desired location in the product. 

Examples of functional components include, but are not 
limited to, absorbent pads, surge or acquisition layers, side 
panels, tapes, containment ?aps, Waist elastics, leg elastics, 
areas of breathability, ?uid repellent areas, ?uid Wettable 
areas, adhesives or coatings, encapsulated inks, chemically 
sensitive materials, environmentally-sensitive materials, 
heat-sensitive materials, moisture-sensitive materials, 
perfumes, odor control agents, inks, fasteners, ?uid storage 
areas, teXtured or embossed areas, or the like. 

The training pant described herein, by Way of eXample, 
comprises an absorbent pad positioned betWeen a liquid 
impermeable outer cover and a liquid permeable liner. The 
training pant further includes elastic side panels Which are 
joined to the outer cover in order to provide elasticity 
thereto. The liquid impermeable outer cover can comprise 
tWo layers of material suitably joined together, in Which the 
innermost layer can be a liquid impermeable layer and the 
outermost layer can be a nonWoven layer having cloth-like 
teXture. The innermost liquid impermeable layer has a 
graphic printed in registration thereon. The registered 
graphic generally includes a visually pleasing design or 
pattern and is controllably registered at a designated area in 
the product. One registered graphic includes a graphic 
positioned on the front center of the product. Amore detailed 
description of the construction and design of the above 
described training pant can be found in US. Pat. No. 
4,940,464 issued Jul. 10, 1990 to Van Gompel et al., Which 
is incorporated herein by reference. 

Described herein is a distinctive process and apparatus for 
registering discrete components to a continuously moving 
?rst layer. The ?rst layer of material includes one or more 
reference marks provided thereon at a uniform repeat length. 
This uniform repeat length can be, but is not limited to, a 
machine product repeat length Which is the length of one 
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product during the manufacturing process. Hereinafter, the 
uniform repeat length is a machine product repeat length for 
purposes of description, but the present invention contem 
plates other lengths or dimensions that could serve as a 
uniform repeat length. The distance betWeen tWo successive 
reference marks is determined and then used to calculate a 
desired speed and/or placement for adding other components 
to the process. 

The term “reference mark” can refer, but is not limited, to 
a component or components or portions thereof such as 
elastic strips, absorbent pads, adhesive patterns, or the like; 
structure such as corners or edges thereof, transporting 
mediums such as conveyor belts or the like; visual marks, 
magnetic marks, electrical marks, electromagnetic marks, 
optical brighteners sensitive to ultraviolet radiation, or the 
like. All of these can be sensed, detected, or otherWise 
identi?ed by an appropriate device. 

The reference marks determine product length and the 
product per minute speed While the Web speed (feet per 
minute) remains constant. The reference marks provide 
placement references Which are used to generate reference 
signals With Which the other product components can be 
controlled and/or registered. Since a component can serve as 
a reference mark, it may be identi?ed or described as a 
“component-reference mark”. 

The ?rst layer can have selectively provided thereon 
reference marks corresponding to a respective plurality of 
distinct and separate locations on the layer or components. 
For purposes of this embodiment, the ?rst component com 
prises a plurality of graphics. A?rst sensor generates a signal 
in response to each reference mark. The distance betWeen 
consecutive reference mark signals is suitably measured in 
units of, by Way of example, a driving mechanism, such as 
a lineshaft registration encoder. This measurement is the ?rst 
component repeat length or machine product repeat length. 
A second component is added to the ?rst layer by a 

machine module having its oWn driving mechanism. The 
second component could be laid relative to a reference mark 
or the ?rst component. A second sensor associated With this 
second component to be registered generates a second signal 
referred to as a second component signal in response to each 
second component that serves as a component-reference 
mark. The distance betWeen consecutive second component 
signals is also measured in units of the same driving mecha 
nism as the ?rst layer, such as the lineshaft registration 
encoder. This measurement is the second component repeat 
length. 

The ratio of a second component repeat length to a 
machine product repeat length is a gear ratio Which is used 
to calculate a speed reference signal for speed control, so 
that the speed of the second component driving mechanism 
can be selectively controlled to adjust the speed and/or 
placement of a second component, such that the distance 
betWeen subsequent consecutive second component signals 
is one machine product repeat length. This provides one 
second component repeat length in one machine product 
repeat length and is called a repeat loop. The repeat loop 
refers to repeatedly providing a second component at a rate 
substantially equal to the rate of the ?rst layer, thereby 
duplicating a machine product repeat length betWeen tWo 
successive reference marks by accurately measuring their 
current distance apart and calculating a desired speed ref 
erence signal for a component driving mechanism. 

The second component also is controllably positioned 
With respect to a reference mark of the ?rst layer. This is 
termed the placement loop and is performed by comparing 
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4 
the measured distance betWeen a component signal and its 
corresponding reference mark signal to the target setpoint, 
and then adjusting the position of future second components 
to the setpoint. A “target setpoint” refers to a selected value 
to Which the placement is controlled. A “component signal” 
is generated from a sensor detecting components or refer 
ence marks on the second layer. A “reference mark signal” 
is generated from a sensor detecting reference marks on the 
?rst layer. 

Thus, there is described herein, by Way of example, a 
process and an apparatus for using a ?rst layer of material, 
Which may include one or more distinct and separate com 

ponents pre-positioned thereon, and providing a simpli?ed 
device for registering other components on the ?rst layer, 
thereby ultimately providing individual disposable absor 
bent articles. One process of the present invention uses 
consistently placed or positioned reference marks on the 
continuous ?rst layer to generate reference signals through 
out the entire manufacturing process. 
One advantage of the process and apparatus is that it 

provides a unique machine product repeat length change 
capability during the manufacturing process by providing 
the ability to automatically change the speed and/or feed rate 
of various modules that provide selected components. Thus, 
the speed, registration, and other desired changes needed for 
a machine product repeat length change for, by Way of 
example, manufacturing different siZes or types of products, 
can be accomplished by changing the ?rst layer With another 
layer having a different length betWeen reference marks, in 
Which the different length corresponds to the change in 
product siZe or type. The present invention automatically 
senses these changes and controllably adjusts the repeat loop 
and the placement loop for other components. 
The ?rst layer of material can be, for example, a continu 

ous polyethylene ?lm preprinted With one or more reference 
marks per product. The use of the term “layer” can refer, but 
is not limited, to any type of substrate, such as a Woven Web, 
nonWoven Web, ?lms, laminates, panels, composites, elas 
tomeric materials, or the like. A layer can be liquid and air 
permeable, permeable to air and impermeable to liquids, 
impermeable both to air and liquid, or the like. The reference 
marks are preprinted or otherWise arranged such that they 
Will be positioned at the same designated area in each 
?nished product. The term “?nished” or “?nal”, When used 
With reference to a product, means that the product has been 
suitably manufactured for its intended purpose. 
The process of the present invention senses the ?rst 

layer’s reference marks that are moving at a desired constant 
rate of speed and generates a reference signal for other 
machine components and modules. In particular, there is 
provided accurate, real time information during the produc 
tion process, and rapid adjustments to the process to provide 
the desired registration of subsequent components in the 
?nal products. Additionally, process control variables can be 
automatically modi?ed in response to changes in machine 
product repeat length in accordance With preprogrammed 
instructions. 

Earlier, a reference mark Was described With some 
examples. In the embodiments described hereinafter, the 
reference mark selected is an optical brightener Which can 
be con?gured in any desired siZe or shape. The reference 
mark may comprise, for instance, a generally rectangular 
region having a machine direction dimension of about 19 
millimeters and a cross-machine direction dimension of 
about 37 millimeters. Optionally, other dimensions may be 
employed. It is to be understood that the various detecting 
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and sensing devices described herein are to be appropriately 
compatible With the type of associated reference mark that 
is to be detected or sensed. The term “associated” refers to 
the reference mark either being directly on a component that 
it represents, such as a graphic, or being selectively spaced 
therefrom. The optical brightener is provided to be sensitive 
to ultraviolet radiation. The optical brightener is, for 
eXample, capable of absorbing ultraviolet radiation and then 
?uorescing to emit light spectra that can be sensed by an 
appropriate and compatible detector or sensor. Ultraviolet 
radiation is generally understood to include electromagnetic 
radiation having Wave lengths ranging from about 20—400 
nanometers. Suitable optical brighteners include, for 
eXample, UVITEX OB manufactured by Ciba-Geigy, and 
LEUCOPURE EGM manufactured by SandoZ Chemicals 
Corporation. 
Where the reference mark comprises ultraviolet sensitive 

optical brighteners, a suitable detector or sensor is a UV 
activated detector, such as a SICK detector model LUT 3-6 
available from SICK OPTIK ELEKTRONIK, Inc., a busi 
ness having offices in St. Paul, Minn. 

Other suitable reference marks, as Well as sensors, com 
puter devices, motors, and the like are described in US. Pat. 
No. 5,235,515 issued Aug. 10, 1993 to Ungpiyakul et al.; 
US. Pat. No. 5,359,525 issued Oct. 25, 1994 to Weyenberg; 
and US. Pat. No. 4,837,715 issued Jun. 6, 1989 to Ungpiy 
akul et al.; the contents of each of Which are incorporated 
herein by reference. 

The described process and apparatus utiliZe several 
devices, and representative devices include encoders, signal 
counters, and sensors or detectors. An encoder generates a 
pulse train, Which is a selected number of pulses per 
revolution of the encoder shaft, for subsequent counting and 
control. A signal counter receives a generated pulse train 
from an encoder, and counts the pulses for subsequent query. 
A sensor or detector senses an occurrence or interruption in 

a process and generates a signal in response thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features of the present 
invention and the manner of attaining them Will become 
more apparent, and the invention itself Will be better under 
stood by reference to the folloWing description and the a 
accompanying draWings, Wherein similar features in differ 
ent ?gures have been given the same reference numeral. 

FIG. 1 illustrates a front vieW of one disposable absorbent 
article. 

FIG. 2 illustrates a front vieW of another disposable 
absorbent article, Which is similar to that of FIG. 1 but 
designed for a girl rather than boy Wearer. 

FIG. 2A representatively illustrates the article of FIG. 2 in 
a partially disassembled, stretched ?at state. 

FIG. 3 illustrates a continuously moving layer having a 
plurality of separate and distinct graphics thereon. 

FIG. 4 illustrates a continuously moving composite layer 
having a plurality of separate and distinct components 
thereon. 

FIG. 5Apartially illustrates schematically the upstream or 
left portion of one apparatus and process for the manufacture 
of a disposable absorbent article including registered com 
ponents. 

FIG. 5B illustrates schematically the doWnstream or right 
portion of the apparatus and process partially shoWn in FIG. 
5A. 

FIG. 6 illustrates a schematic block diagram of the How 
of data utiliZed in conjunction With the apparatus and 
process in FIGS. 5A and 5B. 
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6 
FIG. 7 illustrates a block diagram of an electronic gear 

boX shoWn in FIG. 6. 
FIG. 8 graphically illustrates a placement control utiliZed 

in conjunction With the apparatus and process in FIGS. 5A 
and 5B. 

FIG. 9 graphically illustrates one embodiment of a portion 
of the process shoWn in FIG. 5B, for assembling a liner-?ap 
composite structure. 

FIG. 10 illustrates a cross sectional representation of the 
components of the liner-?ap composite structure as 
assembled in FIG. 9. 

FIG. 11 illustrates a schematic block diagram of the 
control used for pulsed adhesive application in FIG. 9. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

Referring noW to FIG. 1, there is illustrated a child’s 
disposable training pant 10 generally comprising a front 
panel 12, a back panel 14, a crotch panel 16 interconnecting 
front and back panels 12 and 14, and a pair of elastic side 
panels 18. Each elastic side panel 18 is formed from tWo 
separate elastic portions 19 (FIG. 2A) and are suitably joined 
together, such as by ultrasonic bonding, to form a side seam 
20. Upon the construction of side seams 20, a Waist opening 
22 and leg openings 24 are formed. The side seams 20 may 
be constructed to be manually tearable in order to alloW 
training pant 10 to be disassembled manually by the 
caregiver, so that it can be easily removed from the child, for 
eXample, after a boWel movement. The elastic side panels 18 
and side seams 20 can be provided in any suitable manner. 
One speci?c manner of supplying elastic side panels 18 is 
described in US. Pat. No. 5,224,405 issued Jul. 6, 1993 and 
US. Pat. No. 5,104,116 issued Apr. 14, 1992, both to 
Pohjola, Which are incorporated herein by reference. The 
provision of side seams 20 can be accomplished in the 
manner described in US. Pat. No. 5,046,272 issued Sep. 10, 
1991 to Vogt et al., Which is incorporated herein by refer 
ence. 

The training pant 10 further comprises a front Waist 
elastic 26 suitably Joined to front panel 12, a back Waist 
elastic 28 suitably joined to back panel 14, leg elastics 30 
suitably joined to crotch panel 16, and an absorbent pad 32 
(FIG. 4) positioned betWeen a liquid impermeable outer 
cover or backsheet 54 (FIG. 1) and a liquid permeable liner 
or topsheet 36 (FIG. 1). The basic construction of a training 
pant is Well knoWn in the art, and one particular construction 
is that described in US. Pat. No. 4,940,464 issued Jul. 10, 
1990 to Van Gompel et al., the contents of Which are 
incorporated herein by reference. This patent to Van Gompel 
et al. also describes various materials of Which a training 
pant can be made, and a method of constructing the training 
pant. 
As illustrated in FIG. 1, a component such as a graphic 38 

is selectively positioned and registered on front panel 12, 
and in this illustration comprises a design of a rainboW, sun, 
clouds, cars, and a simulated “?y opening” 23 typical of a 
boy’s underWear. The registered graphic 38 can be any type 
of desired pattern, artistic feature, Written instructions, or the 
like, and is desired to be positioned in the article at a selected 
location. Naturally, registered graphic 38 comprising a simu 
lated ?y opening 23 Would be totally unacceptable from an 
aesthetic and/or functional vieWpoint if it Were located at 
crotch panel 16 or back panel 14. 

Referring to FIG. 2, another training pant 40 is illustrated, 
Which can be typically used for young girls. In this design, 
a registered graphic 42 includes simulated Waist ruf?es 29, 
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simulated leg ruffles 31, a rainbow, sun, clouds, Wagon and 
balloon. Again, any suitable design can be utilized for a 
training pant intended for use by young girls, so as to be 
aesthetically and/or functionally pleasing to them and the 
caregiver. 

The graphic 38 in FIG. 1 or the graphic 42 in FIG. 2 can 
be selectively positioned or registered as desired, depending 
upon the siZe and shape of the graphic and that portion of the 
product upon Which the graphic is to be positioned. In FIG. 
1, the graphic 38 is selectively positioned or registered 
Within a designated area 39 Which, as vieWed in FIG. 1, is 
bounded or de?ned by a front Waist edge 116, panel seams 
21, and a crotch panel line 17. The panel seams 21 are the 
seams at Which the respective elastic side panels 18 are 
suitably joined to front panel 12 and back panel 14. Again, 
a more speci?c description of the construction and manu 
facture of this design of a training pant 10 is contained in the 
aforementioned US. Pat. No. 4,940,464 to Van Gompel et 
al. The crotch panel line 17 is, for purposes of explanation 
herein, simply the line or boundary formed at the bottom of 
crotch panel 16 as illustrated in FIG. 1. Thus described, 
designated area 39 has four de?ned boundaries comprising 
front Waist edge 116, panel seams 21, crotch panel line 17, 
and those portions of leg openings 24 extending betWeen a 
respective panel seam 21 and crotch panel line 17. It is not 
necessary that a designated area 39 be completely de?ned or 
bounded by a closed line or closed boundary. For example, 
in FIG. 1, the designated area 39 could be de?ned by only 
front Waist edge 116 and the panel seams 21, Which suf? 
ciently de?nes a designated area 39 in Which a graphic 38 
can be selectively registered or positioned. In this case, the 
graphic 38 can be selectively registered or positioned a 
selected distance from the front Waist edge 116 and centered 
betWeen the panel seams 21. 

Another example of the ?exibility in choosing a desig 
nated area 39 is illustrated in FIG. 2A, Which illustrates the 
training pant 40 in FIG. 2 in a partially disassembled, 
stretched ?at state. This can be accomplished by taking the 
?nished training pant 40 of FIG. 2 and manually tearing 
seams 20 and then laying the pant 40 ?at and stretching it 
sufficiently to remove any gathers or pleating caused by any 
incorporated elastic members. In FIG. 2A, the designated 
area 39 is de?ned or bounded by front Waist edge 116, panel 
seams 21, back Waist edge 118, and a pair of leg opening 
edges 25 extending betWeen respective panel seams 21. 
Thus, in FIG. 2A, the designated area 39 is generally 
rectangular in shape, and the graphic 42 is selectively 
registered or positioned Within and throughout the surface 
area of the designated area 39. The graphic 42 comprises 
several component designs, such as simulated leg ruffles 31 
and simulated Waist ruf?es 29. As vieWed in FIG. 2A, leg 
opening edges 25 are linear or straight lines. HoWever, in 
FIG. 2, simulated leg ruf?es 31 provide a perceived curva 
ture or shape to training pant 40, Which is a desirable feature 
that may be provided hereby. 

There is uniquely and advantageously provided a very 
close tolerance in the registration or position of a 
component, such as the graphics 38 and 42, Within any 
selected point or area, such as designated area 39. With 
reference to FIG. 1, it is apparent that the simulated ?y 
opening 23 of graphic 38 needs to be registered or positioned 
Within front panel 12. It Would be undesirable to have 
training pant 10 manufactured by a method and/or apparatus 
that could not control the proper registration or position of 
the simulated ?y opening 23, otherWise the simulated ?y 
opening 23 could appear at the back panel 14 or crotch panel 
16. The present invention provides a highly controlled 
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registration or position of all components, such as, by Way 
of example, the graphic 38 or 42, the front Waist elastic 26, 
the back Waist elastic 28, the leg elastics 30, the absorbent 
pad 32 (FIG. 4), or the like, Within a desired designated 
position or area, such as designated area 39. Tolerances of 
about plus or minus 25 millimeters or less, and more 
particularly tolerances betWeen about plus or minus 3 mil 
limeters or less, are attainable in the registration of compo 
nents. 

Referring noW to FIGS. 5A and 5B, there is schematically 
shoWn an apparatus and process of the present invention for 
assembling portions of a plurality of training pants. Asupply 
device 44 continuously supplies a continuous, tissue 
Wrapped absorbent 46 to a separating device 48 that sepa 
rates the continuous, tissue-Wrapped absorbent 46 into a 
plurality of distinct and separate absorbent pads 32. The 
supply device 44 can include any conventional mechanism 
for supplying the absorbent 46. Generally, a conventional 
supply device 44 Will include a hammermill for forming ?uff 
?bers and, if desired, for providing an enclosure for mixing 
superabsorbent material With the ?uff ?bers, and then depos 
iting the ?uff and superabsorbent material on a forming 
drum 47 having a desired absorbent shape. The forming 
drum 47 then deposits the shaped absorbent on a continu 
ously moving tissue layer 43 provided by supply device 45, 
Which is thereafter delivered to a conventional Wrap sheet 
folder assembly 51 for folding the tissue about the absor 
bent. The supply device 45 can be any suitable mechanism, 
such as a pair of spindles, a festoon assembly, and a dancer 
roll for providing tissue layer 43 at a desired speed and 
tension. 

A conveyor 50, Which can be any conventional conveyor 
Well knoWn in the art, conveys the absorbent 46 to the 
separating device 48. The tissue-Wrapped absorbent 46 may 
be debulked by passing it through a pair of nip rolls in 
debulker assembly 49. 
The absorbent can include any desired mixture or blend of 

absorbing materials, such as ?uff and superabsorbent mate 
rials. Suitable superabsorbent materials are available from 
various commercial vendors such as DoW Chemical 
Company, Hoechst-Celanese Corporation and Allied 
Colloids, Inc. Typically, a superabsorbent material is capable 
of absorbing at least about 15 times its Weight in Water, and 
desirably more than about 25 times its Weight in Water. 
A supply device 52 provides a continuously moving ?rst 

layer of material 80, upon Which can be disposed or posi 
tioned any desired component, such as the separate and 
distinct absorbent pads 32 formed by separating device 48. 
The supply device 52 can be any standard unWind mecha 
nism that generally comprises, for example, a pair of 
spindles, a festoon assembly, and a dancer roll for providing 
?rst layer 80 at a desired speed and tension. One example of 
a standard unWind is a model MB 820, available from 
Martin Automatic Corporation of Rockford, Ill. 
The continuously moving ?rst layer of material 80 can be 

any desired material suitable for the particular product or 
components being assembled. In this description of a train 
ing pant 10 or 40 (FIGS. 1 and 2), the continuously moving 
?rst layer 80 is a liquid impermeable material that Will 
subsequently form or become the liquid impermeable outer 
cover or backsheet 54. One suitable liquid impermeable ?lm 
is a 0.75 mil polyethylene ?lm commercially available from 
Huntsman Packaging, With of?ces in Kent, Washington. 
The continuous, tissue-Wrapped absorbent 46 is cut into 

the separate and distinct absorbent pads 32 by the separating 
device 48. In the illustrated embodiment, the separating 
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device 48 comprises a knife roll 56 and an anvil roll 58 that 
are operatively associated With one another. The knife roll 
56 can have any desired number of blades thereon, and in 
this example has tWo blades 60 diametrically disposed 
thereon for forming absorbent pads 32. A pad transfer 
conveyor 62 or other suitable device may be used to convey 
the absorbent pads 32 toWard a mating roll 64, Whereupon 
the distinct and separate absorbent pads 32 formed by the 
separating device 48 are placed upon the continuously 
moving ?rst layer 80. 

The separating device 48 (FIG. 5A) is driven by a motor 
66 (FIG. 6). The knife roll 56 and anvil roll 58, conveyor 
assemblies 50, debulker assembly 49, Wrap sheet folder 
assembly 51, pad transfer conveyor 62, and ?uff forming 
drum 47 are desirably all operatively coupled, electrically 
and/or mechanically, to the motor 66. Motor 66 is controlled 
through a registration control system 124 (FIG. 6) and a 
module drive control system 126 (FIG. 6) to register the 
absorbent pads 32 With respect to the ?rst layer 80. 
A typical module drive system includes a module drive 

control system 126 (FIG. 6) for controlling the motor 66, and 
can be any suitable system such as those described in the 
US. patents incorporated by reference herein. It is important 
that a module drive system for any of the various modules 
(FIG. 6) is one that is capable of performing tWo types of 
speed variations Which Will be described in greater detail 
hereafter. One speed variation is to increase a present speed 
of rotation to a faster speed of rotation, or to decrease a 
present speed of rotation to a sloWer speed of rotation. The 
other speed variation is a momentary speed variation com 
prising an incremental advance phase move, Which is a 
momentary speed increase of the component module to 
provide a measured decrease in the component repeat length, 
or an incremental retard phase move, Which is a momentary 
speed decrease of the component module to provide a 
measured increase in the component repeat length. 

The term “momentary speed increase” refers to increasing 
a ?rst speed to a higher second speed for a selected period 
of time, and then alloWing the speed to return to the ?rst 
speed, in order to advance the position of the component by 
a measured amount. The term “momentary speed decrease” 
refers to decreasing a ?rst speed to a loWer second speed for 
a selected period of time, and then alloWing the speed to 
return to the ?rst speed, in order to retard the position of the 
component by a measured amount. 

The present invention can be utiliZed to register one or 
more components to a a reference mark on the ?rst layer so 
that the components are located in the desired position in an 
individual product. In this particular description, a 
component, such as the absorbent pad 32, is brought in 
registration With a reference mark 74 (FIGS. 3, 5A and 5B) 
on ?rst layer 80. The relative location of the absorbent pad 
32 on ?rst layer 80 is measured in encoder counts, from a 
primary lineshaft registration encoder 132 (FIG. 6), betWeen 
a reference mark 74 (FIG. 5A) as detected by a sensor 110, 
and its corresponding absorbent pad 32 as detected by a 
sensor 108. This measurement is used to controllably reg 
ister an absorbent pad 32 to its corresponding reference 
mark 74, thereby placing absorbent pad 32 in the desired 
position in a training pant. The reference marks 74 need not 
be visible to the human eye on the product, but must be able 
to be sensed or detected mechanically, electrically, or the 
like. It should be noted that the reference marks 74 in FIGS. 
5A and 5B are shoWn as raised objects relative to the ?rst 
layer 80 solely for purposes of explanation. 

With reference to FIG. 3, there is illustrated a portion of 
continuously moving layer 80 having a plurality of graphics 
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38 and reference marks 74 preprinted or pre-positioned 
thereon. Associated With each graphic 38 is a printed Waist 
band 76. Each reference mark 74 also can be used to 
properly position an absorbent pad 32 (FIG. 4) With an 
associated graphic 38. The reference marks 74 are posi 
tioned off or separated from graphics 38, but could be 
printed directly on the graphics 38 so as to be Within the 
design of the graphics. Furthermore, the reference marks 74 
can be eliminated, and a portion of a graphic 38 can be used 
as a reference mark for selectively positioning a correspond 
ing absorbent pad or other component. For purposes of 
explanation and manufacture, hoWever, reference marks 74 
are provided a selected distance apart from respective graph 
ics 38. 

Returning noW to FIG. 5A, a suitable adhesive is applied 
to a surface of the ?rst layer 80 by an adhesive applicator 98 
to laminate absorbent pad 32 to the ?rst layer 80. The 
adhesive applicator 98, as Well as the adhesive applied 
thereby, can be any type of applicator suitable for the desired 
adhesive pattern, and appropriate and compatible for the 
materials to be joined. A ?rst sensing device, such as a 
sensor 106, is suitably positioned desirably betWeen the 
separating device 48 and the mating roll 64 for detecting or 
sensing each absorbent pad 32 and generating a signal in 
response thereto. A-suitable sensor 106 is a Banner RSBF 
scanner block, RPBT Wiring base, IR 2.53S ?ber-optic pair 
device, available from Banner Engineering Corp., of 
Minneapolis, Minn. 

Second and a third sensing devices, such as the photoeye 
108 and the sensor 110, are positioned doWnstream of the 
mating roll 64. The term “downstream” refers to a position 
in the training pant manufacturing process that is closer to 
completion of the ?nal product relative to another position. 
The photoeye 108 can be the same type as described above 
in relation to sensor 106. Sensor 110 is desirably a SICK 
detector model LUT 3-6 available from SICK OPTIK 
ELEKTRONIK, Inc., having a business of?ce in St. Paul, 
Minn. Sensor 110 is designed to detect or sense a reference 
mark 74 and generate a signal in response thereto. In this 
particular description, both sensors 106 and 108 optically 
detect or sense a product component, such as absorbent pad 
32, and generate a respective signal in response thereto. If 
desired, photoeyes 106 and 108 can sense other components, 
such as Waist elastics, leg elastics, fastening tapes utiliZed in 
diapers, or the like. 
With reference to FIGS. 5B and 9, a layer of containment 

?ap material 103 is supplied from a ?ap material supply 
device 105 and moves toWard laminating roll 107. The ?ap 
material supply device 105 can be any standard unWind 
mechanism that generally comprises a pair of spindles, a 
festoon assembly, and a dancer roll for providing the ?ap 
layer 103 at a desired speed and tension. One example of a 
standard unWind is a model MB 820, available from Martin 
Automatic Corporation of Rockford, Ill. 

Another supply device 109 desirably provides spaced 
apart and continuous elastic members 113 in a selected 
prestretched condition. One suitable supply device 109 for 
providing the prestretched elastic members 113 is an unWind 
model T6M-8 available from Accratec Engineering, Inc., of 
Neenah, Wis. This particular unWind controllably adjusts the 
speed of the elastic members 113 in order to provide them 
With a selected tension or elongation, Which ultimately Will 
provide the desired elasticity to a liner-?ap composite struc 
ture 55 (FIGS. 4 and 5B). The elastic members 113 are 
surface driven by the supply device 109, in that a motor 
driven drive roll in the unWind provides the elastic members 
113 at a desired speed. By controllably adjusting the speed 
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of the elastic members 113, the elongation of the elastic 
members 113 can be controlled, thereby controlling the 
tension of the elastic members 113. 

An adhesive applicator 115 selectively applies adhesive 
intermittently in the correct position and desired length in 
reference to the signal generated by a sensor 110 to join the 
elastic members 113 to the ?ap layer 103 in the desired 
location. The adhesive applicator 115, as Well as the adhe 
sive applied thereby, can be any type suitable for the desired 
adhesive pattern, and Which are appropriate and compatible 
for the materials to be joined. After reference mark 74 is 
detected, the registration control system 124 Waits a prede 
termined number of encoder counts from lineshaft registra 
tion encoder 132, and turns on adhesive applicator 115. The 
adhesive applicator 115 remains on for a predetermined 
number of encoder counts, Whereupon it is turned off by 
registration control system 124, all in accordance With 
preprogrammed instructions. 
Asecond adhesive applicator 114 continuously applies an 

adhesive pattern to ?ap layer 103 to hold a fold formed by 
folder 119 on both side edges of ?ap layer 103 to cover the 
?ap elastics 113 as illustrated in FIG. 9. If desired, a single 
adhesive applicator can be used to apply both the intermit 
tent and continuous adhesive patterns, rather than using 
multiple applicators. The intermittent adhesive pattern 215 
from applicator 115 and a continuous adhesive pattern 214 
from applicator 114 are shoWn in FIG. 10. 

The containment ?ap material 103 proceeds through 
slitter 121 (FIGS. 5B and 9) and CD spacing guides 123. The 
slit ?ap composite layer produces tWo ?ap composites 57. 
The CD spacing guides 123 reverse the position of the tWo 
?ap composites 57 to change the location of the elastic 113 
from an outer position to an inner position. The ?ap com 
posites 57 are attached to topsheet layer 82 With adhesive at 
nip assembly 125. Layer 82, Which Will subsequently 
become liner or topsheet 36 (FIG. 1), moves from liner 
supply device 127 to adhesive applicators 190 and 191, 
Which apply adhesive continuously and intermittently for 
attaching layer 82 to the ?ap composite layer. TWo continu 
ous adhesive beads 290 from applicator 190 attach the side 
edges of the layer 82 to the ?ap composites 57 in the desired 
location as illustrated in FIG. 10. TWo intermittent adhesive 
patterns 291 from application 191 attach the ends of the ?ap 
composite to the layer 82 to maintain their desired cross 
machine directional location for both manufacturing pur 
poses and product performance. The adhesive pattern is 
positioned at the desired location and desired length With 
reference to a signal generated by sensor 110. The above 
steps form liner-?ap composite structure 55 (FIG. 5B). 

Adhesive is applied to the liner-?ap composite structure 
55 by adhesive applicator 97 (FIG. 5B). Layer 55 is then 
superimposed over continuously moving layer 80, and 
together the layers 80, 55 pass through a product tacker 100 
comprising a roll 102, Which is driven by Web speed 
lineshaft 128 (FIG. 6), and a rubber-coated idler roll 104. 
The tacker 100 compresses the layers 80, 55 together cause 
the applied adhesive to join them together, thereby forming 
a continuously moving composite 93 (FIGS. 4 and 5B). 

The adhesive applicators disclosed herein may be any 
type suitable for the corresponding application, as are com 
monly knoWn and used in the art. For eXample, suitable 
applicators are available from Nordson Corporation, 
Norcross, Ga. 

With reference to FIG. 4, there is illustrated a continu 
ously moving composite layer 93 comprising layers 80, 55 
having absorbent pads 32 therebetWeen. Each printed Waist 
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band 76 can be cut along a respective cut line 120 in order 
to form individual products. In FIG. 4, once cut lines 120 
have been separated, a front Waist edge 116 and a back Waist 
edge 118 are formed for each assembled product. 
One of the important features of the present invention as 

illustrated in FIGS. 3 and 4 is the position or placement of 
each product component relative to the reference mark 74. 
Other marks or product components can be held in constant 
phase relationship to the reference mark 74 using their 
corresponding reference marks, Which Will result in these 
product components being placed in their desired position in 
each product. For eXample, absorbent pad 32 (FIG. 4) can be 
placed in the desired location in the product and elastic 
members 113 (FIG. 9) can be attached in the desired location 
in the product by controlling these attributes in constant 
phase relationship to the reference mark 74 during the 
process. As previously stated, although this description of 
registering components is made With reference to the refer 
ence marks 74, a component, or components, may serve as 
a reference for other components. 

Referring to FIG. 6, there is schematically illustrated a 
control system of the present invention comprising a regis 
tration control system 124 that receives various generated 
signals, processes them in accordance With preprogrammed 
instructions, and generates output signals to a module drive 
control system 126. The module drive control system 126 
receives the signals from the registration control system 124, 
and in response thereto operatively adjusts the drive motor 
66. AWeb speed lineshaft 128 directly drives various mecha 
nisms or indirectly drives, through a system of gears and 
other coupling devices, both electrical and mechanical, other 
mechanisms or modules. Lineshaft 128 is driven at a 
selected constant speed, by any suitable means Well knoWn 
in the art. Thus, those mechanisms driven by lineshaft 128 
can be driven at a corresponding constant speed, Which may 
or may not be the same speed as that of lineshaft 128. AWeb 
speed gearing encoder 130 and a lineshaft registration 
encoder 132 are operatively coupled to lineshaft 128. 
Examples of such encoders include an H25D-SS-2500 
ABZC-8830-LED-SM18 (Which can be used as encoder 
130), available from BEI Motor System, Co. of Carlsbad, 
Calif., and a 63-P-MEF-1000-T-0-00 (Which can be encoder 
132) available from Dynapar Corp. of Gurnee, Ill. 
The registration control system 124 comprises hardWare 

and/or preprogrammed softWare instructions, and can be 
represented, With reference to FIG. 6, as comprising an input 
acquisition system 134, a gear ratio control 136, a relative 
position block 138, an automatic setpoint generator 140, a 
difference block 142, and a placement control 144. 
Additionally, the registration control system 124 may also 
comprise the components shoWn in FIG. 11, including a 
softWare resetable counter 234, a comparator 236 and a 
calibrator 238, Which are adapted to control the adhesive 
solenoid registration function, as further described herein 
after. The registration control system 124 includes a 
computer, Which can comprise, for example, a VME-based 
microprocessor, such as a SYS68K/CPU-40B/4-01 available 
from Force Computers, Inc. of Campbell, Calif. 
As illustrated in FIGS. 6 and 11, input acquisition system 

134 receives the folloWing generated signals: a signal 
from a motor encoder 146 operatively coupled to the drive 
motor 66, (ii) a signal from sensor 108 (FIG. 5A), (iii) a 
primary marker signal from lineshaft registration encoder 
132, (iv) a pulsetrain signal from lineshaft registration 
encoder 132, (v) a signal from sensor 110, (vi) a signal from 
sensor 106, (vii) a pulsetrain signal from Web speed gearing 
encoder 130, and (viii) a human-machine interface 160. 
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Input acquisition system 134 receives and counts the pulses 
generated by motor encoder 146, Web speed gearing encoder 
130, and lineshaft registration encoder 132, and receives 
signals from sensors 106, 108 and 110. BetWeen signals 
generated by sensor 110, the input acquisition system 134 
accumulates counts from motor encoder 146, Web speed 
gearing encoder 130, and lineshaft registration encoder 132, 
and the input acquisition system 134 performs prepro 
grammed instructions that are speci?c to the respective 
received signals, and stores the results of the instructions. 

The input acquisition system 134 performs the folloWing 
functions for the gear ratio control 136. The input acquisi 
tion system 134 counts the pulses received from lineshaft 
registration encoder 132, and receives signals generated by 
sensor 106 and sensor 110. The input acquisition system 134 
then measures the counted pulses from lineshaft registration 
encoder 132, representing a distance betWeen every tWo 
successive reference marks 74 as sensed by sensor 110, and 
performs a running average of those measured counts. This 
is the machine reference signal running average. The term 
“running average” refers to averaging the same number of 
data; for example, for each neWly received datum input, the 
oldest datum is removed from the averaging calculation. 
Input acquisition system 134 also measures the counted 
pulses from lineshaft registration encoder 132 representing 
a distance betWeen every tWo successive absorbent pads 32 
as sensed by sensor 106, and performs a running average of 
counts betWeen signals from sensor 106. This is the absor 
bent pad signal running average. 

The machine reference signal running average and the 
absorbent pad signal running average are used to derive the 
gear ratio for gear ratio control 136. This averaging 
“smoothes out” the measurements due to the variability of 
the apparatus, process and raW materials. The number of 
measurements to average is controllable, and is set or 
determined by providing an appropriate instruction, via 
manual input, in any suitable manner Well knoWn in the art, 
such as through the human-machine interface 160. In con 
junction With performing a running average of the measured 
counts, the input acquisition system 134 performs a ?ltering 
function, Which is preprogrammed, to ?lter out signal 
anomalies. Examples of such signal anomalies include a 
dirty sensor, missing or extra reference marks 74, movement 
or Weaving of the layers, measuring the counts outside a 
preprogrammed range for averaging purposes, knoWn inac 
curate data due to registration control events, or the like. 

For the relative position block 138, the input acquisition 
system 134 counts the pulses received from lineshaft regis 
tration encoder 132, and receives signals generated by 
sensor 106 and sensor 110. Relative position block 138 
counts the pulses betWeen receiving a signal from sensor 110 
and receiving a signal from sensor 106, and performs a 
running average of these counts. This running average is 
called the absorbent pad relative position. The relative 
position block 138 then generates and transmits a relative 
position value to the difference block 142. 

After the absorbent pads 32 are placed on layer 80, the 
placement is checked using sensors 108 and 110. By this 
inspection, the actual position of the absorbent pad 32 
relative to the corresponding reference mark 74 is deter 
mined. If the actual position is not the desired position, the 
setpoint of the placement control is automatically corrected. 
This automatic correction is performed by the automatic 
setpoint generator 140. To perform this function, the input 
acquisition system 134 counts the pulses received from 
lineshaft registration encoder 132, and receives the signals 
generated by sensor 108 and sensor 110. The input acqui 
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sition system 134 counts the pulses betWeen receiving a 
signal from sensor 110 and receiving a signal from sensor 
108, and transmits the count value to the automatic setpoint 
generator 140 Which calculates a running average and stan 
dard deviation of these count values. This running average 
is called the absorbent pad automatic setpoint position, and 
this calculation results in the actual position value. With this 
calculated running average, the automatic setpoint generator 
140 determines the setpoint for placement control 144 in 
accordance With preprogrammed instructions. 
The automatic setpoint generator 140 then compares the 

standard deviation of the count values With a preset limit, 
Which has been manually entered through a human machine 
interface (HMI) 160. If the standard deviation is outside the 
preset limit, the automatic setpoint generator 140 Will ignore 
that datum and not determine a neW setpoint. In this case, the 
standard deviation data is considered too variable to make an 
accurate setpoint adjustment. If the standard deviation is 
Within the preset limit, the automatic setpoint generator 140 
Will determine the difference betWeen the actual position 
value and a manually entered target value, Which is the 
desired actual position value. If the neW calculated differ 
ence is determined, by automatic setpoint generator 140, to 
be Within a prescribed range, no further action or calculation 
Will be made. HoWever, if the difference is outside the 
prescribed range, the automatic setpoint generator 140 Will 
determine a neW control setpoint. This neW control setpoint 
is derived by adding to the current setpoint the difference 
betWeen the target value and actual position value. 

The various calculations and functions performed by the 
input acquisition system 134 are utiliZed by other portions of 
the registration control system 124 in order to generate 
commands to the module drive control system 126 (FIG. 6). 
The module drive control system 126 generally comprises a 
logic/control processor 150, an electronic gear box 152, and 
a motor controller 154. The module drive control system 126 
can comprise, for example, a Reliance Distributed Control 
System made by Reliance Electric, Co., including a Reliance 
Electric Automax Processor and associated hardWare. In one 
particular embodiment, the electronic gear box 152 (FIGS. 
6—7) comprises a dual-axis card that is part of the Reliance 
Distributed Control System unit and is used to control the 
position of motor 66. 

Within the registration control system 124, the gear ratio 
control 136 queries the input acquisition system 134 every 
20 products, i.e., every 20 machine product repeat lengths, 
for the absorbent pad signal running average, as previously 
de?ned. The number of product lengths determining a query 
from gear ratio control 136 is adjustable, and can be changed 
manually by the operator. 

In the described embodiment, the absorbent pad signal 
running average is the module repeat value. The module 
repeat value is used by gear ratio control 136 to perform a 
gear ratio calculation in accordance With preprogrammed 
instructions, thereby determining a neW gear ratio value. 
That neW gear ratio value is then transmitted to the logic/ 
control processor 150 of module drive control system 126. 
The gear ratio value is calculated by dividing the module 
repeat value, obtained from sensor 106, by the machine 
reference signal running average, obtained from sensor 110. 
The advantage of this is the ability to controllably regulate 
the repeat of absorbent pads 32, Without comparing to a 
target value, and the ability to rapidly compensate for 
processing irregularities and changes of the material that can 
alter the desired repeat of the absorbent pads 32 as the 
reference marks 74 vary. 

Once every machine product repeat length, the difference 
block 142 (FIG. 6) determines the difference betWeen the 








